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(54) ELECTRONIC DEVICE

(567)  An electronic device includes a screen module
and a distance sensing module. The screen module in-
cludes a light emitting unit and a control circuit conduc-
tively connected with the light emitting unit, where when
energy received by a photoelectric effect unit of the con-
trol circuit is greater than an excitation threshold of the
photoelectric effect unit the control circuit is turned on
and the light emitting unit emits light. The distance sens-
ing module is arranged below a display area of the screen
module and includes an infrared receiver and a plurality
of infrared emitters, where emitted energy of any one of
the plurality of infrared emitters is less than the excitation
threshold and a sum of emitted energies of the plurality
of infrared emitters is greater than an operating threshold
of the distance sensing module.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the field of elec-
tronic technologies, and more particularly, to an electron-
ic device.

BACKGROUND

[0002] Electronic devices like a mobile phone gener-
ally include a front distance sensing module assembled
on a front side of the electronic device and other func-
tional components, for realizing a corresponding sensing
function. However, with increasing requirements for
screen display from users, if the front distance sensing
module is arranged on a non-display area of the front
side, the area of the non-display area is increased, and
a screen-to-body ratio is reduced. If the front distance
sensing module is arranged below a display area, the
infrared ray for sensing a distance will interfere with a
display effect of the screen. Therefore, how to arrange
the frontdistance sensing module to increase the screen-
to-body ratio while preventing the distance sensing mod-
ule from interfering with screen display becomes a hot
problem of research in the current field.

SUMMARY

[0003] The present invention provides an electronic
device, for increasing a screen-to-body ratio while pre-
venting a distance sensing module from interfering with
screen display.

[0004] According to the presentinvention, an electron-
ic device is provided, which includes: a screen module
and a distance sensing module.

[0005] The screen module includes a light emitting unit
and a control circuit conductively connected with the light
emitting unit. When energy received by a photoelectric
effect unit of the control circuit is greater than an excita-
tion threshold, the control circuit is turned on, and the
light emitting unit emits light.

[0006] Thedistance sensing module is arranged below
a display area of the screen module, and includes an
infrared receiver and multiple infrared emitters. Emitted
energy of any one of the multiple infrared emitters is less
than the excitation threshold of the photoelectric effect
unit, and a sum of the emitted energies of the multiple
infrared emitters is greater than an operating threshold
of the distance sensing module.

[0007] Accordingto the presentinvention, the distance
sensing module may further include a sensing body. Both
the infrared receiver and the multiple infrared emitters
are integrated on the sensing body.

[0008] According to the present invention, the display
area of the screen module may include an edge area,
and the distance sensing module is arranged below the
edge area.

10

15

20

25

30

35

40

45

50

55

[0009] According to the presentinvention, the infrared
receiver and the multiple infrared emitters can be ar-
ranged in an array, and the infrared receiver may be ar-
ranged adjacent to any one of the multiple infrared emit-
ters.

[0010] According tothe presentinvention, the distance
sensing module can include one infrared receiver, and
the multiple infrared emitters can be arranged along a
circumferential direction of the infrared receiver.

[0011] According to the present invention, the multiple
infrared emitters may be distributed centrosymmetrically
around the infrared receiver.

[0012] According tothe presentinvention, the distance
sensing module may include multiple infrared receivers,
and each of the multiple infrared receivers is associated
with at least one infrared emitter.

[0013] According to the present invention, emitted en-
ergies of all of the multiple infrared emitters may be the
same.

[0014] According to the present invention, emitted en-
ergies of at least two infrared emitters of the multiple in-
frared emitters can be different.

[0015] Accordingtothe presentinvention, the electron-
ic device may further include a device body. The device
body includes at least one screen assembly surface, and
the display area of the screen module covers the screen
assembly surface.

[0016] According to the presentinvention, the infrared
receiver may be arranged adjacent to at least two of the
plurality of infrared emitters.

[0017] According to the present invention, a number
of infrared emitters associated with one of the plurality
of infrared receivers may be different from that of infrared
emitters associated with others of plurality of infrared re-
ceivers.

[0018] According to the present invention, the plurality
ofinfrared receivers may be arranged at different regions
below the display area of the screen module.

[0019] Accordingtothe presentinvention, the electron-
ic device may include a device body, where the device
body includes at least one screen assembly surface and
the display area of the screen module covers a part of
area of the screen assembly surface.

[0020] Accordingtothe presentinvention, the electron-
ic device may include a plurality of distance sensing mod-
ules that are arranged at different positions below the
display area of the screen module.

[0021] The technical solutions provided in accordance
with the present invention may have the following bene-
ficial effects.

[0022] By arranging the distance sensing module be-
low the display area of the screen module, the occupation
of a non-display area is reduced, and a display ratio of
the screen module is increased. The infrared receiver
and multiple infrared emitters are arranged for the dis-
tance sensing module, so that emitted energy of each of
the multiple infrared emitters is less than the excitation
threshold of the photoelectric effect unit of the screen
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module, and the light emitting unit at a corresponding
position of the screen is prevented, by means of multi-
point emission, from emitting light due to the interference
of the emitted energy of the infrared emitter. In addition,
the sum of the emitted energies of the multiple infrared
emitters is greater than the operating threshold of the
distance sensing module, so that the distance sensing
module can realize a distance sensing function by means
of a collaboration of multiple infrared emitters. The above
structure setting increases the display ratio of the screen
module while preventing the distance sensing module
frominterfering with a display effect of the screen module.
[0023] It is to be understood that the above general
descriptions and detailed descriptions below are only ex-
emplary and explanatory and not intended to limit the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are incor-
porated in and constitute a part of the description, illus-
trate examples consistent with the presentinvention and,
together with the description, serve to explain the princi-
ples of the present invention.

FIG. 1is a structure diagram of an electronic device.
FIG. 2 is a structure diagram of an electronic device
according to an example of the present invention.
FIG. 3 is a structure diagram of A-A cross section as
illustrated in FIG. 2.

FIG. 4 is a structure diagram of an electronic device
according to another example of the present inven-
tion.

FIG. 5 is a structure diagram of an electronic device
according to yet another example of the present in-
vention.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to the
present invention, examples of which are illustrated in
the accompanying drawings. The following description
refers to the accompanying drawings in which the same
numbers in different drawings represent the same or sim-
ilar elements unless otherwise represented. The imple-
mentations set forth in the following description of exam-
ples of the present invention do not represent all imple-
mentations consistent with the present invention. In-
stead, they are merely examples of apparatuses and
methods consistent with aspects related to the present
invention as recited in the appended claims.

[0026] Electronic devices like a mobile phone gener-
ally include a front distance sensing module assembled
on the front side of the electronic device and other func-
tional components, for realizing a corresponding sensing
function. However, with increasing requirements for
screen display from users, if the front distance sensing
module is arranged on a non-display area of the front
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side, the area of the non-display area is increased, and
a screen display ratio is reduced. If the front distance
sensing module is arranged below a display area, the
infrared ray for sensing a distance will interfere with a
display effect of the screen.

[0027] Asillustrated in FIG. 1, the display principle of
an Active-Matrix Organic  Light-Emitting  Diode
(AMOLED) screen A1 is controlling, through a Metal Ox-
ide Semiconductor (MOS) tube, a Light Emitting Diode
to conduct to emit light. An infrared distance sensor A2
may include an infrared emitter A21 and an infrared re-
ceiver A22. When infrared light emitted by the infrared
distance sensor A2 below the display area of the screen
A1 through the infrared emitter A21 penetrates through
the screen A1, a photoelectric effectis generated , which
causes the MOS tube in the screen A1 to be in an un-
controlled on-state. Finally, a light spot is formed on the
display area of the screen A1 after the LED emits light.
[0028] FIG. 2 is a structure diagram of an electronic
device according to an example of the present invention.
FIG. 3 is a structure diagram of A-A cross section as
illustrated in FIG. 2. As illustrated in FIG. 2 and FIG. 3,
the electronic device 1 may include a screen module 11
and a distance sensing module 12. The screen module
11 may include a light emitting unit 111 and a control
circuit 112 conductively connected with the light emitting
unit 111. When received energy of a photoelectric effect
unit (unlabeled) of the control circuit 112 is greater than
an excitation threshold of the photoelectric effect unit,
the control circuit 112 is turned on, and the light emitting
unit 111 emits light. The distance sensing module 12 is
arranged below the display area of the screen module
11, and includes an infrared receiver 122 and multiple
infrared emitters 121. Emitted energy of any one of the
multiple infrared emitters 121 is less than the excitation
threshold of the photoelectric effect unit, and the sum of
the emitted energies of the multiple infrared emitters 121
is greater than an operating threshold of the distance
sensing module 12.

[0029] By arranging the distance sensing module 12
below the display area of the screen module 11, the oc-
cupation of a non-display area is reduced, and a display
ratio of the screen module 11 is increased. The infrared
receiver 122 and multiple infrared emitters 121 are ar-
ranged for the distance sensing module 12, so that emit-
ted energy of each of the multiple infrared emitters 121
is less than the excitation threshold of the photoelectric
effect unit of the screen module 11, and the light emitting
unit 111 at a corresponding position of the screen is pre-
vented, by means of multi-point emission, from emitting
light due to the interference of the emitted energy of the
infrared emitter 121. In addition, the sum of the emitted
energies of the multiple infrared emitters 121 is greater
than the operating threshold of the distance sensing mod-
ule 12, so that the distance sensing module 12 canrealize
a distance sensing function by means of a collaboration
of multiple infrared emitters 121. The above structure set-
ting increases the display ratio of the screen module 11
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while preventing the distance sensing module 12 from
interfering with the display effect of the screen module 11.
[0030] Itis to be noted that the photoelectric effect unit
can sense the energy of ambient light, each photoelectric
effect unit has one excitation threshold, and when the
received energy of the photoelectric effect unit is greater
than its excitation threshold, the control circuit 112 is
turned on, and then the light emitting unit 111 emits light.
[0031] When the screen module 11 is in an operating
state, a main board controls the corresponding light emit-
ting unit 111 at each position of the display area to emit
light to form the preset display effect, thereby realizing a
display function of the screen module 11. When the
screen module 11 is in a non-operating state, the main
board controls the corresponding control circuit 112 at
each position of the display area to be turned off, and the
light emitting unit 111 is disabled to achieve a screen-off
effect.

[0032] Taking the infrared light emitted by the infrared
emitter 121 of the distance sensing module 12 for exam-
ple, no matter whether the screen module 11 is in the
operating state or the non-operating state, when the dis-
tance sensing module 12 operates, the multiple infrared
emitters 121 arranged below the screen module 11 emit
infrared lights from corresponding positions of the screen
module 11 respectively, and only if the energy of the in-
frared light emitted from a corresponding position is less
than the excitation threshold of the photoelectric effect
unit, the light emitting unit 111 at the position is prevented
from emitting light to generate the light spot, thereby pre-
venting the impact on the display or screen-off effect of
the screen module 11 after the light emitting unit 111 is
enabled. Because the sum of the emitted energies of
multiple infrared emitters 121 is greater than the operat-
ing threshold of the distance sensing module 12, the dis-
tance sensing module 12 can operate normally, and re-
alize the distance sensing function by emitting the infra-
red lights through the multiple infrared emitters 121 and
receiving the infrared light through the infrared receiver
122.

[0033] In the above example according to the present
invention, the distance sensing module 12 may further
include a sensing body 123. Both the infrared receiver
122 and the infrared emitter 121 are integrated on the
sensing body 123. The sensing body 123 can control the
infrared emitter 121 to emit the infrared light with preset
energy, and can analyze and calculate the infrared light
received by the infrared receiver 122 to obtain a sensing
distance. The above structure setting improves the inte-
grability of the distance sensing module 12, which can
not only facilitate the realization of a sensing function,
but also reduce space occupation of the distance sensing
module 12.

[0034] By arranging multiple infrared emitters 121 for
the distance sensing module 12, where the multiple in-
frared emitters 121 may be arranged below different po-
sitions of the display area, the energies of the infrared
emitters 121 dispersedly emit from the different positions
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of the display area of the screen module 11, thereby re-
alizing a use effect of multi-point emission of the infrared
emitter 121, and preventing the energy of a single infrared
emitter 121 from concentrating on a position of the display
area of the screen module 11 to form the light spot. The
way of setting the infrared receiver 122 and the infrared
emitter 121 is exemplarily illustrated below.

[0035] According to an example of the present inven-
tion, the infrared receiver 122 and the infrared emitters
121 are arranged in an array, and the infrared receiver
122 is arranged adjacent to any one of the infrared emit-
ters 121. By means of the infrared receiver 122 and the
infrared emitters 121 arranged in the array, regularity and
compactness of the integral structure of the distance
sensing module 12 is improved; and because the infrared
receiver 122 is arranged adjacent to any one of the in-
frared emitters 121, the operation of receiving and emit-
ting the infrared lights and the realization of the sensing
function of the distance sensing module 12 are ensured.
[0036] Furthermore, the infrared receiver 122 is ar-
ranged adjacent to at least two infrared emitters 121, so
as to increase a positional association relationship be-
tween the infrared receiver 122 and the infrared emitters
121 and improve sensing sensitivity and accuracy of the
distance sensing module 12.

[0037] Asillustratedin FIG. 2 and FIG. 3, the distance
sensing module 12 may include one infrared receiver
122, and the infrared emitters 121 are arranged along
the circumferential direction of the infrared receiver 122.
Specifically, the infrared emitters 121 may be distributed
centrosymmetrically around the infrared receiver 122, so
that the infrared emitters 121 are evenly distributed
around the infrared receiver 122. In such a manner, an
ability of the distance sensing module 12 for sensing ob-
stacles in all directions of the electronic device 1 is
strengthened, and the overall sensing effect of the dis-
tance sensing module 12 is enhanced.

[0038] Alternatively, as illustrated in FIG. 4, the dis-
tance sensing module 12 may further include multiple
infrared receivers 122. Each of the infrared receivers 122
is associated with at least one infrared emitter 121, so
astoenhance, by means ofthe multiple infrared receivers
122, an ability of determining the position of the obstacle
close to the electronic device 1, a calculating speed and
a sensing efficiency of the distance sensing module 12.
The number of the infrared emitters 121 associated with
each infrared receiver 122 may be the same or different,
and may be selected and set according to the sensitive
degree of the distance sensing function, the setting po-
sition of the distance sensing module 12, and other pa-
rameters, which is not limited by the present invention.
When multiple infrared receivers 122 are distributed on
different areas of the screen module 11, the ability of the
distance sensing module 12 for sensing the obstacles in
all directions of the electronic device 1 can also be
strengthened.

[0039] The emitted energy of the infrared emitter 121
directly influences the sensing effect of the distance
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sensing module 12 and the display effect of the screen
module 11. The distribution of the emitted energies of
multiple infrared emitters 121 is exemplarily illustrated
below.

[0040] According to the present invention, the emitted
energies of all of the multiple infrared emitters 121 may
be the same. By means of a position relationship between
the infrared emitter 121 and the infrared receiver 122 in
the above examples, the sensing effect of the distance
sensing module 12 may be adjusted, and configuration
cost and debugging difficulty of the infrared emitter 121
may be reduced.

[0041] Accordingtothe presentinvention, itis also pos-
sible to make the emitted energies of at least two infrared
emitters 121 different. Because the emitted energies at
the different positions below the display area of the dis-
play module 11 are different, and after encountering an
obstacle, reflected energies of the infrared lights emitted
from the screen module 11 are also different, the position
and distance of the obstacle can be accurately deter-
mined based on a difference between the emitted energy
and the reflected energy at each position, thereby en-
hancing the distance sensing effect.

[0042] In addition, the electronic device 1 may further
include a device body. The device body includes at least
one screen assembly surface, and the display area of
the screen module 11 covers the screen assembly sur-
face to achieve a full-screen display effect. The distance
sensing module 12 arranged below the display area of
the screen module 11 avoids the occupation of the dis-
play area; besides, by setting multiple infrared emitters
121 each with emitted energy less than the excitation
threshold of the photoelectric effect unit, the generation
of light spot after the screen is off is avoided, and an
appearance effect of the electronic device 1 in the off-
screen state is enhanced.

[0043] Alternatively, the display area of the screen
module 11 may also cover a part of area of the screen
assembly surface. The distance sensing module 12 ar-
ranged below the display area of the screen module 11
may also reduce the occupation of the display area; be-
sides, by setting multiple infrared emitters 121 each with
emitted energy less than the excitation threshold of the
photoelectric effect unit, the generation of light spot after
the screen is off is avoided, and the appearance effect
of the electronic device 1 when the screen is off is en-
hanced.

[0044] Furthermore, the display area of the screen
module 11 may include the edge area, and the distance
sensing module 12 may be arranged below the edge ar-
ea, so as to reduce the occupation of the central part of
the display area, and avoid structural or functional inter-
ference to the screen module 11.

[0045] Furthermore, the electronic device 1 may in-
clude multiple distance sensing modules 12. The multiple
distance sensing modules 12 may be arranged at differ-
ent positions of the display area, to improve a sensing
range and sensitivity of the distance sensing module 12.
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As illustrated in FIG. 5, the electronic device 1 may in-
clude two distance sensing modules 12. One of the two
distance sensing modules 12 is arranged on the top edge
of the display area, and the other is arranged on the bot-
tom edge of the display area, so that distances of the
obstacles from the top or bottom of the electronic device
1 can be sensed.

[0046] Itis to be noted that the electronic device 1 may
be a mobile phone, a car-mounted terminal, a tablet PC,
a medical terminal, and the like, which is not limited by
the present invention.

[0047] By arranging the distance sensing module 12
below the display area of the screen module 11, the oc-
cupation of a non-display area is reduced, and a display
ratio of the screen module 11 is increased. The infrared
receiver 122 and multiple infrared emitters 121 are ar-
ranged for the distance sensing module 12, so that emit-
ted energy of each infrared emitter 121 is less than the
excitation threshold of the photoelectric effect unit of the
screen module 11, and the light emitting unit 111 at a
corresponding position of the screen is prevented, by
means of multi-point emission, from emitting light due to
the interference of the emitted energy of the infrared emit-
ter 121. In addition, the sum of the emitted energies of
multiple infrared emitters 121 is greater than the operat-
ing threshold, so that the distance sensing module 12
can realize a distance sensing function by means of a
collaboration of multiple infrared emitters 121. The above
structure setting increases the display ratio of the screen
module 11 while preventing the distance sensing module
12 from interfering with the display effect of the screen
module 11.

[0048] The screen module 11 according to the present
invention can be implemented in other forms, such as, a
component, an assembly, a portion, a member, or a part
related to the screen of the terminal. The distance sens-
ing module according to the invention can be implement-
ed by a distance sensor or a distance sensing circuit.
The light emitting unit according to the invention can be
implemented by a light emitter, a light emitting device, or
a light emitting circuit. The photoelectric effect unit ac-
cording to the present invention can be implemented by
a photoelectric effect device, a photoelectric effect ap-
paratus, or a photoelectric device utilizing the photoelec-
tric effect.

[0049] Other implementation solutions of the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the tech-
nical solutions of the present invention. The present in-
vention is intended to cover any variations, uses, or ad-
aptations of the present invention following the general
principles thereof and including such departures from the
present invention as come within known or customary
practice in the art. Itis intended that the specification and
examples be considered as exemplary only, with a true
scope and spirit of the present invention being indicated
by the following claims.

[0050] It will be appreciated that the present invention
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is not limited to the exact construction that has been de-
scribed above and illustrated in the accompanying draw-
ings, and that various modifications and changes may
be made without departing from the scope thereof. It is
intended that the scope of the present invention only be
limited by the appended claims.

Claims

1. Anelectronic device (1), characterized by compris-
ing:

a screen module (11) having a light emitting unit
(111) and a control circuit (112) that is conduc-
tively coupled with the light emitting unit (111),
wherein when energy received by a photoelec-
tric effect unit of the control circuit (112) is great-
er than an excitation threshold of the photoelec-
tric effect unit, the control circuit (112) is turned
on and the light emitting unit (111) emits light;
and

a distance sensing module (12) that is arranged
below a display area of the screen module (11)
and comprises an infrared receiver (122) and a
plurality of infrared emitters (121), wherein emit-
ted energy of any one of the plurality of infrared
emitters (121) is less than the excitation thresh-
old of the photoelectric effect unit and a sum of
emitted energies of the plurality of infrared emit-
ters (121) is greater than an operating threshold
of the distance sensing module (12).

2. The electronic device (1) of claim 1, wherein the dis-
tance sensing module (12) further comprises a sens-
ing body (123), and both the infrared receiver (122)
and the plurality of infrared emitters (121) are inte-
grated on the sensing body (123).

3. Theelectronic device (1) of claim 1 or 2, wherein the
display area of the screen module (11) comprises
an edge area, and the distance sensing module (12)
is arranged below the edge area.

4. The electronic device (1) of any one of claims 1 to
3, wherein the infrared receiver (122) and the plural-
ity ofinfrared emitters (121) are arranged in an array,
and the infrared receiver (122) is arranged adjacent
to any one of the plurality of infrared emitters (121).

5. Theelectronic device (1) of any one of the preceding
claims, wherein the distance sensing module (12)
comprises one infrared receiver (122), and the plu-
rality of infrared emitters (121) are arranged along a
circumferential direction of the infrared receiver
(122).

6. The electronic device (1) of claim 5, wherein the plu-
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10.

1.

12.

13.

14.

15.

rality of infrared emitters (121) are distributed cen-
trosymmetrically around the infrared receiver (122).

The electronic device (1) of any one of claims 1 to
4, wherein the distance sensing module (12) com-
prises aplurality ofinfrared receivers (122), and each
of the plurality of infrared receivers (122) is associ-
ated with at least one infrared emitter (121).

The electronic device (1) of any one of the preceding
claims, wherein emitted energies of all of the plurality
of infrared emitters (121) are equal.

The electronic device (1) of any one of claims 1 to
7, wherein emitted energies of at least two infrared
emitters (121) of the plurality of infrared emitters
(121) are different.

The electronic device (1) of any one of the preceding
claims, further comprising a device body, wherein
the device body comprises at least one screen as-
sembly surface, and the display area of the screen
module (11) covers the screen assembly surface.

The electronic device (1) of any one of the preceding
claims, wherein the infrared receiver (122) is ar-
ranged adjacent to at least two of the plurality of in-
frared emitters (121).

The electronic device (1) of claim 7, wherein a
number of infrared emitters (121) associated with
one of the plurality of infrared receivers (122) is dif-
ferent from that of infrared emitters (121) associated
with others of plurality of infrared receivers (122).

The electronic device (1) of claim 7, wherein the plu-
rality of infrared receivers (122) are arranged at dif-
ferent regions below the display area of the screen
module (11).

The electronic device (1) of any one of the preceding
claims, further comprising a device body, wherein
the device body comprises at least one screen as-
sembly surface and the display area of the screen
module covers a part of area of the screen assembly
surface.

The electronic device (1) of any one of the preceding
claims, wherein the electronic device (1) comprises
a plurality of distance sensing modules (12) that are
arranged at different positions below the display area
of the screen module (11).
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